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(54) Wireless packet system for efficient wide area bandwidth utilization 



(57) A telecommunications system (1000) is ar- 
ranged to efficiently route digital information from a mo- 
bile network (100) to a Public Switched Telephone Net- 
work (PSTN) (200) and vice versa by interposing a pack- 
et network (300) between the mobile network and PSTN 
so that digital information originating from the wireless 



network at a first data rate may be forwarded over the 
packet network at that rate and then sent over a direct 
connection from the packet network to the PSTN at a 
second data rate expected by the PSTN. In this way the 
conversion of the digital information from the first to the 
second data rate is performed only when needed, i.e., 
at the ATM switch (150) connected to the PSTN. 
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Description 

FIELD OF THE INVENTION: 

[0001] The invention relates to the transmission of 
signals received from a wireless device at a nominal 8 
kbps rate to a public switched telephone network and 
making efficient use of the available system bandwidth 
in doing so. 

BACKGROUND OF THE INVENTION: 

[0002] In wireless systems, a wireless station typically 
transmits a frame of voice signals at a nominal 8 kbps 
(i.e., 8 kbps to 13 kbps) rate. If a wireless system con- 
forms with a particular protocol, e.g., the well-known IS- 
95 protocol, then such a frame may be received by more 
than one base station as illustrated in FIG. 1. A base 
station, e.g., base stations BS 2-1 and/or BS 2-2, that 
receives a frame of signals supplies the frame and an 
associated signal-to-noise ratio (SN/R) value to a so- 
called Mobile Switching Center (MSC), e.g., MSC 5. 
MSC 5, in turn, directs the received frame to a conven- 
tional Frame Selector (FS) circuit 3. Frame selector 3 
then selects the frame of signals having the highest S/ 
N R value and outputs that frame to a conventional voice 
coder (vocoder) circuit 4. Voice Coder (VC) 4 converts 
("upcodes") the frame of nominal 8 kbps voice signals 
transmitted by the wireless station, e.g. : wireless station 
1 , to 64 kbps PCM coded signals and outputs the con- 
verted frame of signals to network 6 for delivery to an 
intended destination 7 (assuming that the routing for the 
frame had already been established). 
[0003] Disadvantageous^, an MSC (as well as a so- 
called Mobile Terminal Switching Center (MTSO)) con- 
verts voice signals that it receives at a nominal 8 kbps 
rate from a base station to 64 kbps PCM irrespective of 
the type of network that will receive the converted sig- 
nals directly from the MSC. Because of this, system 
bandwidth is not used efficiently. For example, if network 
6 happens to be another MSC and destination 7 is an- 
other wireless terminal, then even in that instance MSC 
5 converts the 8 kbps signals to 64 kbps for delivery to 
network 6. Network 6 then re-converts the 64 kbps sig- 
nals that it receives from MSC 5 to a nominal 8 kbps for 
delivery to wireless destination 7. Such conversion and 
re-conversion is clearly unnecessary overhead. It also 
impairs the quality of the voice signals. As another ex- 
ample, assume as shown in FIG. 2 that the route to des- 
tination 7 includes packet switches 8 and 9, in which the 
latter switch output signals to network 6 for delivery to 
destination 7. Here too MSC 5 using VC 4 converts the 
nominal 8 kbps signals outputted by FS 3 to a 64 kbps 
rate and supplies the result to packet switch 8. Packet 
switch 8, in turn, forms the signals into a packet and in 
accordance with its routing table delivers the packet to 
switch 9, which then unloads the contents of the packet 
for forwarding to PSTN network 6. However, there is no 



need to convert the nominal 8 kbps signals to 64 kbps 
signals at MSC 5 since a packet switch can readily han- 
dle 8 kbps traffic. 

[0004] Accordingly, such unnecessary conversion or 
s the conversion of the nominal 8 kbps signals at the 
wrong point in the network leads to inefficient use of the 
system bandwidth. 
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SUMMARY OF THE INVENTION: 



[0005] We deal with the foregoing problem and ad- 
vance the relevant switching technology by converting 
the nominal 8 kbps signal to 64 kbps only when such 
conversion is needed and performing the conversion at 
75 a point along a connection that requires the signals to 
be at a 64 kbps rate, in accordance with an aspect of 
the invention. Thus, the conversion is not performed if 
it is not needed and is only performed at the "last minute- 
so to speak. 

20 [0006] These and other aspects of the claimed inven- 
tion will be appreciated from the ensuing detailed de- 
scription and accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWING: 

[0007] In the drawing: 

FIGs. 1 and 2 depict prior art systems; 
FIG. 3 shows in block diagram form a switching sys- 
tem in which the principles of the invention may be 
practiced; 

FIGs. 4 through 7 show call signaling flows illustrat- 
ing the messages that the various switching ele- 
ments of FIG. 3 exchange in the setting up of re- 
spective call connections; and 
FIGs. 8 through 11 illustrate the connection seg- 
ments which form the connections described in 
FIGs. 4 through 7, respectively. 

40 DETAILED DESCRIPTION: 

[0008] A system 1000, FIG. 3, arranged in accord- 
ance with the principles of the invention, includes a plu- 
rality of base stations (BS) 20-1 through 20-x each serv- 
es ing in a conventional manner a plurality of mobile sta- 
tions (MSs), e.g., MS 10. Assume that MS 10, as well 
as each of the base stations 20-1 through 20-x and MSC 
(mobile switching center) 100 operates in accordance 
with the well-known IS 95 protocol commonly referred 
50 to as CDMA. It is seen from the FIG. that the base sta- 
tions communicate with MS 10 via wireless communi- 
cations and communicate with MSC 100 via wired com- 
munications, in which base stations 20-1 through 20-x 
connect to respective input port circuits (not shown) as- 
ss sociated with packet switch 115 (which may be, for ex- 
ample, a conventional ATM packet switch) provisioned 
within MSC 100. Packet switch 115 extends such a port 
circuit to either a selected one of a plurality of frame se- 
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lector circuits 120-1 through 120-j, a selected one of a 
plurality of vocoder circuits 130-1 through 130-i,ortoan 
output port extending to, for example, another MSG, an- 
other network, e.g., packet switch network 300, etc., as 
will be explained below. The selection of a frame selec- 
tor 1 20 is under the control of Frame Selector (FS) con- 
troller 110 responsive to receipt of a request from MSC 
controller 105 via bus 106. Similarly, The selection of a 
vocoder circuit 1 30 is under the control of VoCoder (VC) 
controller 125 responsive to receipt of a request from 
MSC controller 105. 

[0009] The output side of the each of the frame selec- 
tors 120-1 through 120-j also connect to packet switch 
115 as a way of inserting a frame selector into a con- 
nection. Similarly, the input and output of each of the 
vocoders 1 30 connect to packet switch 1 1 5 as a way of 
inserting a selected vocoder 1 30 into a connection. The 
output of each of the vocoders 130 also connect to 
switching fabric 140, e.g., a conventional circuit 
switched arrangement, which operates under control of 
MSC controller 1 05. In this way, MSC controller 1 05 may 
insert a vocoder 130 in a communication path extending 
directly to another network, for example, Public 
Switched Telephone Network (PSTN) 200. Such a com- 
munication path may be, for example, path 515. 
[0010]. (It is noted that the foregoing description of 
MSC 100 may equally pertain to MSC 400.) 
[0011] In a first illustrative example, assume that a us- 
er at MS 10 places a call to wired station S1 served by 
PSTN 200. That is, the user in a conventional manner 
dials the telephone number associated with station S1 
from MS 10. MS 10 in a conventional manner forms a 
so-called call setup message (message 401 in FIG. 1 4) 
containing, inter alia, the Mobile Identification Number 
(MIN) identifying station 10, the called party number and 
type of call, e.g., 8 kbps ADPCM voice. MS 10 then 
transmits the message 401 over the air to its associated 
base station, e.g., BS 20-1. BS 20-1 then forwards the 
message/frame (402) to MSC controller 105 via path 
21-1, and a signaling channel provisioned in packet 
switch 1 1 5. Packet switch 1 1 5 outputs the content of the 
signaling channel to a port circuit assigned to MSC con- 
troller 105. MSC controller 105 processes the received 
f rame(s) and determines the routing of the call from the 
called party number. Specifically, MSC controller 105 
determines in a conventional manner that the called sta- 
tion is served by PSTN 200, which may be reached via 
a path within the ATM network 300 formed by ATM 
switches 150-1 through 150-n. For that case, then, MSC 
100 determines that it does not require a vocoder and 
that the 8 Kbps ADPCM voice information may be sup- 
plied directly to ATM 150-1, in accordance with an as- 
pect of the invention. 

[0012] MSC controller 105 also determines in a con- 
ventional manner that the call is a IS-95 (CDMA) call, 
and, therefore, the same voice message/frame could be 
supplied by two different base stations during the call. 
MSC controller 1 05 selects a virtual path (VP) extending 



from the frame selector to ATM 150-n. Accordingly, MSC 
controller 105 directs via bus 106 FS controller 110 to 
select an idle one of the fame selectors, e.g., FS 120-1, 
and sends to controller 110a setup_FS (frame selector) 

5 message 403 identifying the call type and the identity of 
the selected VP extending to ATM 150-n. FS controller 
110, in turn, selects an idle frame selector, e.g., selector 
120-1 , as well as a circuit/channel (VC) in the identified 
VP and returns a response message 404 acknowledg- 

io ing that it will handle the call and containing, inter alia, 
the address of selector 120-1 and identity of the latter 
VC. 

[0013] Message 404 also contains the identity of the 
selected frame selector 120-1 and address of controller 

1 $ 110, which are relayed by MSC controller 105 to base 
station 20-1 as a set-up message 405. 
[0014] The bases station 20-1 and FS controller 110 
then enter a so-called "handshaking mode" during 
which they "agree" to the ATM adaptation layer protocol 

20 that they will use to communicate with one another, as 
represented in the FIG. by setup_A3 message 406 and 
setup_A3_RSP message 407. The setup_BS_RSP 
message 408 that is returned to MSC 100 acknowledg- 
es the connection between the base station and MSC 

25 100. MSC controller 105 of MSC 100 then forms a con- 
ventional Broadband Initial Address Message (BJAM) 

409 containing, inter alia, the type of call (8 kbps AD- 
PCM), VPIA/CI, destination address (e.g^, called party 
number (CPN)) and then supplies the message via 

30 packet switch 115 to ATM switch 150-1. ATM switch 
150-1, based on the information contained message 
409 : concludes that the message is being forwarded to 
another ATM switch in the associated network, i.e., 
switch 150-N : and therefore, in accordance with an as- 

35 pect of the invention, does not interconnect a vocoder; - 
in the call path. ATM switch 150-1 then forms and for- 
wards a BJAM message to ATM switch 150-N via an 
associated signaling channel. For example, a channel 
within a signaling network 500, such as the well-known 

40 SS7 signaling network adapted for use in the network 
formed by ATM switches 150-1 through 150-N. (It is not- 
ed that one or more other ATM switches (not shown) 
may be interposed between switch 150-1 to switch 
150-N, as is represented in the FIG. by the dashed line 

45 155.) 

[0015]. Upon receipt of the BJAM message, ATM 
switch 150-N determines from the called party number 
(CPN) in the.message that the next hop in the call path 
is the PSTN network 200. Switch 150-N, therefore, con- 

50 eludes that it needs to interconnect a vocoder in the call 
path so that the 8 kbps ADPCM that it will receive may 
be converted to a 64 kbps rate before such signals are 
supplied to a PSTN switch(s) (represented by the 
dashed line 201) that will deliver the digitized voice to 

55 station S1 in analog form. Switch 1 50-N then selects an 
outgoing trunk to path 1 52 and sends a setup_VC mes- 
sage 410 to its associated VC controller 151 . Message 

410 includes, inter alia, the incoming VPI and VCI and 
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outgoing Trunk Group Identification Number (TG1D) of 
the selected trunk connecting to path 152. Controller 
151 then selects an idle one of its associated vocoders , 
e. g. , VC 1 53, as well as idle channel in the selected trunk 
to path 152. Controller 151 then acknowledges the 410 
message by returning a setup_VC_RSP message 411 
containing the identification number of the channel Cir- 
cuit Identification Code (CIC) in the selected trunk group 
that will be used to forward the call to path/link 152. 
Switch 150-N then sends an initial address message 
(I AM) 412 containing, inter alia, the TGID/CIC, and CPN 
to PSTN 200 via outgoing path 152. PSTN 200 upon 
receipt of the message then completes the call connec- 
tion to station S1. Thus, in accordance with an aspect 
of the invention, a vocoder is interconnected at a point 
which directly interfaces with the PSTN, and not before 
that point, as is done in prior switching schemes. Ac- 
cordingly, then, the voice information is carried at a low- 
bit rate over most of the call connection, thereby con- 
serving network bandwidth in accordance with the prin- 
ciples of the invention. 

[O0t6] An illustrative rendition of the segments form- 
ing the above-described connection is shown in FIG. 8. 
The lines extending between arrowheads indicate seg- 
ments of the end-to-end connection. The endpoints. of 
these segments terminate either at the air interface, 
ATM connection or connection to the PSTN. An "x" in- 
dicates a point at which ATM switching occurs. 
[0017] In a second illustrative example, assume that 
MSC 100 connects directly to PSTN 200 via, e.g., link 
515. Also assume that MS 1 0 places a call to station S1 
in the manner described above, i.e., by transmitting a 
call setup message that is received by base station 20-1 
as represented by message 501 in FIG. 5. Similarly, BS 
20-1 forwards the message (502) to MSC controller 1 05 
via path 21-1. MSC controller 105 processes the re- 
ceived message/frame and determines the routing of 
the call from the called number. Specifically, MSC con- 
troller 1 05 determines in a conventional manner that the 
called station is served by PSTN 200 and that PSTN 
200 may be reached directly via a one hop path/link 51 5. 
For that case, then, MSC 100 determines that it will have 
to interconnect a vocoder between MSC 100 and link 
515 to "upcode" the 8 Kbps ADPCM voice information 
originated by MS 1 0 to a 64 kbps rate expected by PSTN 
200. MSC controller 105 also determines in a conven- 
tional manner that the call is an IS-95 (CDMA) call, as 
discussed above. MSC controller 1 05 in response there- 
to selects a virtual path via packet switch 115 that may 
be used to connect an associated frame selector 1 20 to 
an associated vocoder 130. MSC controller 105 then 
sends a setup_FS (frame selector) message 503 to FS 
controller 110, in'which the message contains, inter alia, 
the identity of the selected virtual path and call type (e. 
g., nominal 8 kbps ADCPM voice). 
[0018] Similarly, FS controller 110 selects an idle 
frame selector, e.g., FS 120-2, as well as a channel 
(VCI) within the identified VP to the vocoder 130. FS 
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controller 110 then returns a response message 504 to 
MSC controller 105 acknowledging that it will handle the 
call and identifying the selected channel (VCI) within the 
VP identified in message 503. Message 504 also con- 

s tains the address of controller 110 and identity of the 
selected frame selector 1 20-2. MSC controller 105 then 
selects a trunk group that may be used to send 64 kbps 
voice information to PSTN 200 via path 515 and switch 
140. MSC controller 105 then sends the (a) identity of 

io the selected trunk group, (b) VPI/VCI that will be used 
to send voice messages from the selected frame selec- 
tor 120-2 to the selected vocoder, (c) call type and (d) 
-call mode in a setup_VC message 505 to VC controller 
1 25. VC controller 1 25, responsive to receipt of the mes- 

is sage, selects an idle vocoder, e.g., vocoder 1 30-1 , and 
an idle channel in the selected trunk group to path 515. 
VC controller 125 then returns a setup_VC_RSP mes- 
sage 506 to controller 1 05 acknowledging that the latter 
channel may be used to communicate over the selected 

20 trunk group. 

[0019] Following the foregoing, MSC controller 105 
sends a setup_J3S message 507 to the base station 
identifying FS controller 110. Message 507 also identi- 
fies the selected frame selector 1 20-2 that the base sta- 

25 tion may use to send control information to FS controller 
110-. Similarly, in response to receipt of message 507, 
the base station, e.g., base station 20-1, sends a 
setup_A3 message 508 to controller 110 identifying the 
voice channel that may be used between the base sta- 

30 tion 20-1 and FS 120-2 and specifying the adaptation 
layer protocol that base station 20-1 will use to commu- 
nicate with FS 120-2. FS controller 110, in response to 
receipt of message 508, forms and returns a response 
message setup_A3_RSP 509 acknowledging the spee- 
ds ified adaptation layer protocol. Base station 20-1 then 
sends a response message setup_BS_RSP 510 to 
MSC controller 105 acknowledging the connection. 
[0020] At that point, MSC controller 105 forms an In- 
itial Address Message (I AM) 511 containing the calling 

40 information, type of call (8 kbps ADPCM), ID of the se- 
lected trunk group and CIC connecting to path 515, and 
CPN and sends the message via signaling path 500 (e. 
g., the aforementioned SS7 signaling path) to the PSTN 
200 switch connected to link 515, thereby completing 

45 the connection to PSTN 200 in accordance with the prin- 
ciples of the invention. Upon receipt of the IAM mes- 
sage, the PSTN 200 switch establishes a connection 
from itself to station S1 , thereby completing the connec- 
tion from MS 1 0 to station. SI . 

so [0021] An illustrative rendition of the segments form- 
ing the above-described connection is shown in FIG. 9. 
The lines extending between arrowheads indicate seg- 
ments of the end-to-end connection. The endpoints of 
these segments terminate either at the air interface, 

55 ATM connection or connection to the PSTN. An "x" in- 
dicates a point at which ATM switching occurs. 
[0022] In a third illustrative example, assume that a 
user at a telephone station S2 served by PSTN 200 plac- 
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es a call to mobile station 10 in a conventional manner. 
A switch (not shown) in PSTN 200 handling the call 
routes the call, based on the Called Party Number 
(CPN), to the home MSC associated with the called mo- 
bile station 1 0, e.g., HMSC 400. The switch does this by 
first selecting a trunk group and an idle voice channel 
identified by a CIC in that group connecting to HMSC 
400, and then sending to HMSC 400 an IAM message 
containing, inter alia, the trunk group ID, identity of the 
selected voice channel in that group and called party 
number. Upon receipt of the IAM message, HMSC 400 
determines that MS 10 is being served by MSC 100 us- 
ing standard mobility management protocols, such as 
IS41 -MAR HMSC 400 then forwards the call to the des- 
tination MSC 100 in a conventional manner. In doing so, 
HMSC 400 "down codes" the 64 kbps voice signals to 
8 kbps rate. 

[0023] (As an aside, as is well-known, an HLR is used 
to track the current locations of respective active mobile 
stations as reported by each Visitor Location Register 
(VLR) in the system. That is, when a mobile station is 
located outside of its home region powers up, it registers 
with the base station currently serving the cell in which 
the mobile is located. The MSC serving (SMSC) that 
base station sends the location of the mobile to the as- 
sociated VLR (not shown). The VLR, in turn, sends a 
registration, message to the- HLR associated with that 
mobile. Also, when a mobile leaves an area served by 
one MSC and enters an area served by another MSC, 
then the VLR associated with the latter MSC sends the 
current location of the mobile to the associated HLR. If 
the VLR serves both of those MSCs ; then the VLR does 
not notify the HLR, but changes its data base to note the 
current location of the mobile. Thus, if a telephone call 
is placed to a mobile, then the home MSC sends a query 
to the associated HLR to obtain the location of the called 
mobile. The HLR, in turn, identifies the VLR now serving 
the mobile based on the contents of the home register 
associated with the mobile. The HLR then notifies the 
identified VLR via the associated signaling network 500 
that a call is to be routed to Ihe mobile. The identified 
VLR similarly notifies the MSC serving the zone in which 
the mobile is located. That MSC then returns a so-called 
Temporary Local Dialing Number (TLDN) that is to be 
used as the routing number in the routing of the call to 
that MSC. The VLR then sends the TLDN to the HLR, 
which then forwards the TLDN to the home MSC han- 
dling the call. (It is noted that a TLDN may be, e.g., the 
area code in which MSC 100 is located plus the ex- 
change code associated with MSC 100 plus an arbitrary 
line code, e.g., 0000. The home MSC uses this number 
to route the connection to the serving MSC.)) 
[0024] . Thus, in accordance with the foregoing, MSC 
400 sends a location request (LR) 603 to the HLR, 
which, in turn, sends a routing request 604 to the SMSC/ 
VLR 1 00, which responds to the HLR with message 605, 
which then returns the TLDN to switch 400 in message 
606. HMSC 400 also determines from a stored opera- 



tional profile of the called mobile that the called mobile 
is of the CDMA type, and notes that it will have to es- 
tablish a connection to an idle frame selector associated 
with MSC 100. Before doing so, HMSC 400 interposes 

5 a CDMA vocoder in the connection to "down code" the 
64 kbps voice signals that will be received from PSTN 
. 200 to a 8-1 3 kbps voice signal. The down coded signal 
will then be forwarded to the MSC 100 frame selector, 
which will then sendthe signal to the base station(s)cov- 

10 ering the cell(s) in which MS 10 is located e.g., base 
stations 20-1 and 20-x. Both of those base stations may 
then transmit the down coded signal to MS 10. Specifi- 
cally, HMSC 400 selects a virtual path from its associ- 
ated vocoder to frame selector 120 in MSC 100. HMSC 

is 400 then sends a setup_VC message 607 to the VC 
controller in HMSC 400 identifying (i) a TGtD AND CIC 
that will be used to receive the 64 kbps voice from PSTN 
200, (ii) a VPI that will be used to output the down coded 
8-13 kbps voice to MSC 100 via ATM switch 150-1 and 

20 (jji) call type, e.g., 8 kbps ADPCM. The HMSC 400 VC 
controller selects an idle vocoder and connects the voc- 
oder to the incoming voice channel. That VC controller 
also selects an idle voice channel to MSC 100 in the 
identified virtual path; and then returns a 

25 setup_VC_RSP message 608 acknowledging the con- 
nection and identifying the selected virtual voice chan- 
nel (VCI) to MSC 100. 

[0025] HMSC 400 then forms a conventional B-IAM 
message 609 containing, inter alia, the (a) VPIA/CI with- 

30 jn trunk 406 that will be used to send the "down coded" 
voice to MSC 100; (b) TLDN and (c) call type. HMSC 
400 then sends the message to MSC 1 00 (MSC control- 
ler 105) via a conventional signaling path 500 to alert 
■ MSC 100 to the incoming call. Upon receipt of the mes- 

35 sage, MSC 100 (MSC controller 105) forms a page mes- 
sage 610 containing a Mobile Identification Number 
(MIN) derived from the TLDN to locate the base station 
20-i serving the called mobile 10 and broadcasts the 
page message to each of its associated base stations 

40 20-I. The base stations broadcast the page message as 
an alerting message 611 over predetermined radio 
channels. The called mobile responds to the broadcast 
page message 611 by transmitting a PAGE_RSP mes- 
sage 612 over the radio channel to a nearby base sta- 

45 tion, which, in turn, relays message 612 to MSC 100. 
MSC controller 105 then sends a setup_FS message 
613-1 to FS controller 110, in which the message con- 
tains the incoming VPI/VCI from HMSC 400 via switch 
150-1, and call type. FS controller 110, responsive to 

50 receipt of message 613-1, selects an idle one of its 
frame selectors, e.g., FS 120-4, and connects the se- 
lected frame selector to the incoming channel identified 
in message 613-1. FS controller 110 then responds to 
the setup_FS message by sending a setup_FS_RSP 

55 message 61 3-2 to MSC controller 105, in which the lat- 
ter message contains the address of FS controller 110 
and identity of the selected frame selector 120-4. MSC 
controller 105 then sends a setup_BS message 614 to 
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base station 20-1. Similarly, base station 20-1 responds 
to receipt ot message 61 4 by returning a setup_A3 mes- 
sage 615 to FS controller 110 acknowledging the con- 
nection, and specifying a voice channel and adaptation 
layer protocol that will be used to communicate with FS 
120-4. FS controller 110, in response to receipt of mes- 
sage 615, forms a response message setup_A3_RSP 
616 acknowledging the specified adaptation layer pro- 
tocol. Base station 20-1 then sends a response mes- 
sage setup_BS_RSP 617 to MSC controller 105 ac- 
knowledging the connection. 

[0026] (Note that the called station could be located 
in an area served by its Home MSC. In that case, then, 
the call connection would extend to a base station, e.g., 
one of the base stations 25-1 through 25-k, served by 
the HMSC.) 

[0027] An illustrative rendition of the segments form- 
ing the above-described connection is shown in FIG. 10. 
The lines extending between arrowheads indicate seg- 
ments of the end-to-end connection. The endpoints of 
these segments terminate either at the air interface, 
ATM connection or connection to the PSTN. An "x" in- 
dicates a point at which ATM switching occurs. 
[0028] in a fourth illustrative example, assume that 
mobile station 10 places a call to another mobile station 
(not shown) served by a MSC (not shown) other than 
MSC 100 or 400. The flow of messages 701 through719 
illustrating the setting up of the call initiated by MS 10 is 
shown in FIG. 7. For clarity and brevity, a detailed de- 
scription of FIG. 7 is not provided since the flow of mes- 
sages shown therein is similar that shown in the previ- 
ous FIGs. It is sufficient to say at this point that, because 
the call does not involve PSTN 200, a vocoder, in ac- 
cordance with an aspect of the invention, is not inter- 
posed in the connection between the two mobile sta- 
tions. Note that FIG. 7, in essence, includes the case 
where the called mobile is located in an area served by 
its associated HMSC, which would eliminate the flow of 
messages from the HMSC to the serving MSC. 
[0029] An illustrative rendition of the segments form- 
ing the above-described connection is shown in FIG. 11. 
T ne lines extending between arrowheads indicate seg- 
ments of the end-to : end connection. The endpoints of 
these segments terminate either at the air interface, 
ATM connection or connection to the PSTN. An u x" in- 
dicates a point at which ATM switching occurs. 
[0030] The foregoing is merely illustrative of the prin- 
ciples of the invention. Those skilled in the art will be 
able to devise numerous arrangements, which, al- 
though not explicitly shown or described herein, never- 
theless embody those principles that are within the spirit 
and scope of the invention. For example, besides CD- 
MA, the claimed invention may be used in systems em- 
ploying other transmission protocols, e.g., TDMA, GSM, 
etc. As another example, although the invention was 
discussed in the context of using an ATM network in the 
routing of calls from an MSC to PSTN 200, it is clear that 
other types of digital networks that can handle 8 to 13 



kbps compressed voice may be used instead. 
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A telecommunications system for efficiently routing 
digital information from a first network comprising a 
plurality of Mobile Switching Centers to a second 
Public Switched Telephone Network (PSTN), said 
telecommunications system comprising 

apparatus at a first one of said mobile switching 
centers for receiving digital information at a first 
rate from a source, the digital information in- 
cluding information destined for the PSTN, 
a third network comprising a plurality of packet 
switches each operative for routing packets 
composed of data received at said first data 
rate, and wherein said one mobile switching, 
center further comprises 

apparatus, responsive to receipt of the digital 
information from said source and responsive to 
an absence of a direct connection from the one 
mobile switching center to the PSTN, for select- 
ing a connection to one of the packet switches 
that may be used to forward the received digital 
information to the PSTN and forwarding the re- 
ceived digital information to said one of the 
packet switches via the selected connection, 
and wherein 

said one packet switch including apparatus op- 
erative for forwarding said digital information to 
the PSTN at a second data rate over a direct 
connection to the PSTN. 



2. The system of claim 1 wherein said apparatus in 
said one packet switch is further operative in the 
event that said direct connection is not present for 
forwarding the digital information to another one of 

40 the packet switches having a direct connection to 
the PSTN, said other one of the packet switches 
then converting the digital information to said sec- 
ond rate and forwarding the converted digital infor- 
mation to the PSTN. 

45 

3. The system of claim 1 wherein said digital informa- 
tion is nominally 8 kbps ADPCM voice signals and 
said second rate is 64 kbps. 

so 4. The system of claim 1 wherein said apparatus re- 
sponsive to receipt of the digital information from 
said source includes apparatus which, responsive 
to a presence of a direct connection to the PSTN, 
forwards said digital information to the PSTN at a 

55 second data rate over that direct connection. 

5. A telecommunications system for efficiently routing 
digital information from a first network comprising a 
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6. 



7. 



8. 



9. 



plurality of Mobile Switching Centers to a second 
Public Switched Telephone Network (PSTN), in 
which one of the mobile switching centers not con- 
nected directly to the PSTN receives the digital in- 
formation from a source at a first data rate and in 
which the PSTN expects to receive the digital infor- 
mation at a second rate, said telecommunications 
system comprising 

a third network comprising a plurality of packet 
switches each operative for routing packets 
composed of data received at said first data 
rate, and wherein said one mobile switching 
center comprises 

apparatus, responsive to receiving said digital 
information from said source and responsive to 
determining that the one mobile switching cent- 
er does not have a direct connection to the 
PSTN, for selecting a connection to one of the 
packet switches that may be used to forward 
the received digital information to the PSTN 
and forwarding the digital information and dig- 
ital information subsequently received from 
said source to said one of the packet switches, 
and wherein said one packet switch comprises; 
apparatus, responsive to receiving the digital 
information from said one mobile switching 
center, for selecting an output to forward the re- 
ceived digital information to its intended desti- 
nation and supplying the received digital infor- 
mation at the second data rate to the selected 
output if that output connects directly to the 
PSTN, otherwise supplying the received digital 
information to the selected output at the first da- 
ta rate for receipt by another one of the packet 
switches. 

The system of claim 1 or 5 wherein said digital in- 
formation is a request to establish a telephone con- 
nection to a telephone station served by the PSTN. 

The system of claim 5 wherein said first data rate is 
8 kbps to 1 3 kbps and said second data rate is nom- 
inal 64 kbps. 

The system of claim 1 or 5 wherein said one mobile 
switching center further comprises 

at least one frame selector for selecting be- 
tween the same digital information respectively 
received from at least two different sources op- 
erating in accordance with a predetermined 
protocol and forwarding the selected digital in- 
formation to said one of said packet switches. 

The system of claim 1 or 5 wherein said one mobile 
switching center apparatus includes apparatus, re- 
sponsive to determining that said one mobile 
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switching center may forward received digital infor- 
mation tothe PSTN via a direct connection, for con- 
verting said digital information from said first rate to 
said second rate and forwarding the converted dig- 
ital information to the PSTN via the direct connec- 
tion. 

10. The system of claim 1 or 5 wherein said connection 
to said one of said packet switches is a logical con- 
nection identified by a respective virtual path iden- 
tifier and associated virtual circuit identifier. 

11. A method of routing a call from a Public Switched 
Telephone Network (PSTN) to a mobile station, said 
method comprising the steps of 

receiving said call and associated called tele- 
phone number at a switch within the PSTN, 
routing the call to one of a plurality of mobile 
switching centers identified as a function of the 
called number, 

at said one mobile switch center sending a lo- 
cation request message to a home location reg- 
ister to determine the current location of the 
called mobile station, 

routing the call from said one mobile switching 
center to another one of the mobile switching 
centers identified as the current location of the 
called mobile station, and 
at the one mobile switching center, converting 
voice signals as they are received from said 
switch at a first data rate to a second data rate 
and forwarding the converted voice signals to 
said other mobile switching center for delivery 
to the called mobile station. 

12. A method of operating a mobile switching center 
comprising the steps of 

responsive to receiving from a mobile station a 
request for a call connection that will be com- 
pleted by a Public Switched Telephone Network 
(PSTN), establishing a connection from the mo- 
bile switching center to the PSTN, and 
inserting a vocoder in the connection from the 
mobile switching only if that connection con- 
nects directly to the PSTN. 
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